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Towards a census of the Galactic anticentre star clusters 
II: exploring lower overdensities 
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ABSTRACT 

We investigate the nature of 48 low-level stellar overdensities (from Froebrich, Scholz, 
and Raftery catalogue - FSR07) projected towards the Galactic anticentre and derive 
fundamental parameters for the confirmed clusters, thus improving the open cluster 
(OC) census in that direction. Parameters are derived with field-star decontaminated 
photometry, colour-magnitude filters and stellar radial density profiles. Among the 48 
targets, we identified 18 star clusters, 6 previously studied OCs, and 7 probable clusters 
that require deeper photometry to establish the nature. We discovered 7 new clusters, 
6 of them forming an association of clusters with BPI 14, FSR 777, Kronberger 1, and 
Stock 8 in the region of the nebula IC 417 and related to the Aur OB2 association, 
and one embedded in the nebula Sh2-229. We also derive parameters for these three 
non-FSR07 clusters, because they are important in determining the structure of the 
Galactic anticentre. Thus, 58 objects are analysed in this work and we could derive 
fundamental parameters for 28 of them. The scenario in the IC 417 star forming region 
is consistent with a sequential event. FSR 888 and FSR 890 are embedded in Sh2-249 
within the Gem OBI association. According to the distance derived for these clusters 
and those in the association of clusters, both Aur OB2 and Gem OBI are located in 
the Perseus arm. 
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1 INTRODUCTION 

Star clusters are often considered as building blocks of galax- 
ies. Understanding how these objects form and evolve is vi- 
tal to our comprehension of the structure, formation and 
evolution of galaxies. For instance, the open cluster (OC) 
system has been used to analyse the structure, dynamics , 
composition, and evolution of the Galactic disk (Friell l 19951 ; 
IBonatto et afll2006al : |Piskunov et alj|2006h . Young OCs, in 
particular, have been used as tracers of the spiral pattern of 
the G alaxy (|Moffat et al.ll979l ; lBobvlevl2007l ; FVasciuez et all 
120081 . and references therein). In practical terms, astrophys- 
ical parameters can in fact be determined for an OC more 
easily than for a single star. 

Most young star clusters dissolve in the Galactic field 
in the early phase of their existence because of the rapid pri- 
mordial gas removal by winds from OB stars and supernova 
explosions {infant mortality), since the potential of an em- 
bedded cluster (EC) is generally dominated by gas dTutukovl 
1 19781 ; IGoodwin fc Bastiad 12009 ; IBonatto fc Bicall2011bl )rit 
is accepted that at this stage, the fate of a cluster is de- 
termined by the star formation efficiency (SFE) and the 
mass of the more massive stars. If the EC blows out the 
gas adiabatically, the cluster will remain bound as long as 



the SFE is higher than 30%, but if the gas e xpulsion is ex- 
plosiv e, the SFE needs to be higher than 50% (|Lada fc Ladal 
2003T ). Therefore, the gas expulsion can be very disruptive 
and because of this ~ 95% of the ECs do not survive t o 
become OCs (|Lada fc Ladal 120031 : [Bonatto fc Bicall2011bl ). 
with the surviv ors keeping at most 50% of their stars {infan t 
weight loss - | Kroupa fc Boilv |2002| ; IWeidner et al.l 120071 ; 
Goddard. Bastian fc Kennicutt l2010h . On the other hand, 
Smith et all l|201ll) argue that the variation in cluster initial 
conditions is the most important parameter for dissolution 
by gas expulsion. This occurs because the stellar distribution 
can change significantly, changing the relative importance of 
the stellar and gas potentials. 

Star formation occurs inside massive and dense gas 
clumps in giant molecular clouds (GMCs). These structures 
contain many cores that form stars. Some cores can group 
themselves in small sub-clumps where t he SFE can be higher 
than in the overall clump. This way, IGoodwin fc Bastianl 
(2009) suggest that the determinant factor for cluster sur- 
vival is the virial state of the stellar content immediately be- 
fore the gas expulsion. In this context, both infant mortality 
and cluster infant stellar loss depend on t he radial density 
profile (RDP) just before the gas expulsion |Boilv fc Kroupal 



© 0000 RAS 



2 D. Camargo, C. Bonatto and E. Bica 






05 5:28:00 55 50 45 40 35 27:30 25 
a(2000) 




45 


40 35 


. . . i . . . . i . . . . i . 

5:28:30 25 20 
a(2000) 


■ ■ ' 

15 




■ ■ i ; - i ■ v ■ ■ i « ' i 


47 




1 ■ ' 1 1 1 1 ■ 1 1 




* 


18 


. * ; • .* 


46 




♦ . 






17 
16 


■ * ♦ \ v * 


45 
44 




• 




• 


I 15 


> .... «.•»•. » . 


§. 43 










34:14 
13 


* . . • > • • • 

r 7 ' . # • * * * • • •*• '". * 


42 
41 




• •• . 






12 
11 


-•• • • .*.*•'• 

i# • ' *• • *T • 
. - . i . ... i . ... i . ... i . ... i . ... i .' ... i ... . 


34:40 






... i .... i .... i 


• • •* 



35 30 



40 35 26:30 




'*fjj 




15 


_■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ 




................................... | ............ , 


"• . '■• 




14 


• 


28 
27 








13 


* • " 


25 




- . > • 

/ 


• ■ * " * .'I 

• . "• 1 


11 

23:10 


% Mb 

i • 


1 24 
23 


• .-V. • * 




• 1 • • * 

• * • - 


09 




21 


. ■ ■ * . ♦ *• * 


• • 

:*■■'■■■-'■■ 


■ -■■■■■'■■*■■'■-■■■'■■-■'■■*■ i ■ ■ ■■ ■ ■ ■ ■ 


08 




34:20 


• 

...•].... i .... i .... i .... i .... i .... i i .... i .! ..: 


45 40 


M 5: " :10 aC2T?O0) 20 15 10 05 




25 20 15 10 05 6:23:00 22:55 
a (2000) 


19 


10 05 5:16:00 55 50 45 40 35 15:30 
ft{2000) 



Figure 1. First row panels: XDSS R image centred on CBB 3 (10' X 10'), CBB 4 (8' X 8'), and CBB 5 (6' X 6'). Second row: the same 
for CBB 6 (8' x 8'), CBB 7 (8' x 8'), and CBB 9 (15' x 15'). Third row: FSR 780 (10' x 10'), FSR 890 (8' x 8'), and CBB 8 (10' x 10'). 



2005 ) and the relative distribution of stars and gas (|Adamsl Dias et all 2002|; Dutra et al.l 120031; Bica et all J2 003a 
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2000) 



Observations indicate that the majority, if not all, of 
the star formation tak es place in clusters (jLada fc Ladal 
120031 : lAllen et all l2007f l thus, these objects are important 
tracers of the stellar population properties in the Galaxy. 
In addition, there is a connection between star cluster dis- 
solution (or stellar mass loss) and the fie ld star population 
jMassev et al.ll 19951 : IChandar et"aLll200rJ) . Given the impor- 
tance of the OCs for our understanding of the Galaxy, many 
catalogues a nd sky surveys were compiled, especially in 
recent years I Alter. Ruprecht fc Vanvseklll970l : lLvngalll987l ; 



Mermilliod fc Paunzenl [20031: iBica 
2005allbl; iFroebrich 



Bonatt 
Scholz 



120051: 
Raftery 



Kharchcnko ct al. 

hoOTl ; IKoposov et al-lbOOcTlGhishkova et al.ll2010l Vl7 

OCs do not appear to form in isolation, but in as- 
sociations ofdusters embedded in the same star complex 
(Efrcmov 1978). Generally, these structures are linked to 
Galactic spiral arm systems, which is consistent with the 
fact that spiral arm encounters are efficient generators of 
GMC instability, leading to fragmentation and collapse. Star 
formation followed by supernova explosions, stellar winds 
from massive stars, and H II region expansions can dis- 
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Galactic anticentre star clusters 



Table 1. General data on the FSR star cluster candidates. 



Table 2. Cross-identification of the open clusters. 
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0.142 
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32 
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05 
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0.007 
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39 


27 
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45 
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24 


45 
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-2.249 
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46 
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4 


FSR 
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47 
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0.15 
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24 


56 


18 


18 


21 
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0.353 
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13 
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24 


33 


188.853 


4.437 


0.036 
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13 
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0.007 


0.333 
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13 


45 


21 


32 
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0.006 


0.302 
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907 


5 


29 


27 


13 


21 
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925 
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05 
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06 


40 
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43 
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21 


48 


22 


29 
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16.448 
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0.071 
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FSR 


946 


6 


10 


58 


11 


09 


30 


195.74 
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0.005 


0.02 
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08 
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13 


52 


34 
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-2.853 


0.01 


0.52 
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FSR 
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25 


22 
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34 


59 
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0.007 


0.36 


4 


FSR 
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6 


14 
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12 


51 
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0.089 
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FSR 
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24 


26 


5 


28 


12 
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0.006 


0.292 


4 


FSR 


966 
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17 


30 
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24 
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0.007 


0.323 
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FSR 
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6 


29 


19 


14 


14 


08 


197.77 


1.663 


0.034 


0.102 


5 


FSR 


968 


6 


11 


21 


11 


51 


39 


197.802 


-3.315 


0.003 


0.022 


5 



Table Notes. Cols. 2 — 3: Central coordinates provided by FSR07. 
Cols. 4 — 5: Corresponding Galactic coordinates. Cols. 6 — 7: Core 
and tidal radii derived by FSR07 from King fits. Col. 8: FSR 
quality flag. 



Designations 



References 



FSR716,SAI44 3, 

FSR 784, Koposov 7, Sh2-235 North- West 3, 4, 5, 7, 

FSR 849, Koposov 58 3, 

ASCC23, FSR 746 1,2, 

FSR 802, Koposov 12 3, 4, 

Luginbuhl-Skiff 1, Skiff J0614+12.9, FSR 963 1, 3, 4, 



Table Notes. The referen ces are: 1 - 
iKharchenko et alj<2005rjh : 3-FSR07; 4 
-iKirsanova et al.l j200Sf); 6 -iTadross! IMPOST) 
J201df> ; 8 - ICamargo et all fcOlll l 



Dias et all <2002h: 2 
Koposov et al.N2008t): 5 



HciTlshkova et all 



rupt a GMC on a times cale of a few 10 7 yr (El megreenl 
l200d : iBonnell et ail l2006h . populating the Galactic disk 
with dynamical families of clusters, i.e. . groups o f PCs 
that have a common dynamical origin (iKing et all 120031 : 
Ide la Fuente Marcos fc de la Fuente Marcos! 120081 1 . These 
families include 10-20 objects and disperse on a timescale 
of ~ 20 Myr. Later, the star complex evolves to individ- 
ual clusters and the families cannot be recognised any more, 
since most clusters have been disrupted. 

On the other hand, a GMC may fragment into some 
small nebulae that are scenarios of star formation on a 
smaller scale. A nebula may collapse to form some clusters 
close to each other, because of the action of massive stars 
that may trigger sequential star formation. These systems 
differ from families of clusters that are formed in a star com- 
plex with a scale of about 600 pc. 

The fate of these objects depends on several factors, 
but if the structure survives the infant mortality as a stable 
bound system, they have a good chance t o form cluster pa irs 
or multiple s ystems (a cluster of cl usters, iBica et al 1999 m 
the LMC and lFeigelson et al.ll201ll in the Galaxy). However, 
if the group forms a bound system, but does not reach equi- 
librium, they may merge to form massive clusters. On the 
other hand, if after the phase of primordial gas removal the 
surviving objects of this structure form an unbound system, 
they evolve to an association of clusters and eventually dis- 
perse. The fact that multiple systems are rare after the gas 
expulsion, suggests that they are extremely unstable with 
merging or tidal disruption timescales of a few Myr, proba- 
bly lesser than the age spread of stars inside an OCq How- 
ever, there are evidence that associations of clusters and 
sub-structured clusters may develop high local SFEs reduc- 
ing the effect o f the gas expulsion and favouring bound clus- 
ter formation ((Goodwin fc Basti"anll2009l ; iMoeckel Sz Clarkel 
l201ll : lKruiissen et al.ll2012T i. It is probable that some young 
clusters presenting substructures and RDPs that do not fol- 
low King's law result for a group of merging clusters, and 
the age spread may indicate the duration of star formation 
in the primordial association of OCs. 

The main goal of this work is to improve the cen- 
sus of the star clusters towards the Galactic anticen- 



1 Ide la Fuente Marcos fc de la Fuente Marcoj (|2009h estimated 
a timescale < 16 Myr for cluster pairs in -contact and according 
to lFellhauer. Wilkinson fc Kroupal d200£f) the merging time-scale 
for sub-clumps, is shorter than the gas removal time. 
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Figure 2. 2MASS CMDs extracted from the central region of 
FSR 842. Top panels: observed CMDs J X (J - H) (left) and 
J X (J — A" s ) (right). Middle panels: equal area comparison field. 
Bottom panels: field star decontaminated CMDs fitted with the 
5 Myr MS Padova isochrone (solid line) and PMS isochrones of 
Siess, 0.1 (dotted line), 1 (dashed line), and lOMyr (solid line). 
The colour-magnitude filters used to isolate cluster MS/evolved 
and PMS stars are shown as shaded regions. We also present the 
reddening vector for Ay = to 5. The square indicates a B star. 



tre and derive their basic parameters. We investigate the 
nature of 48 stellar overde n sities from the catalogue of 
iFroebrichT Scholz fc Raftervl |2007l . hereafter FSR07) lo- 
cated in the sector 160° ^ I ^ 200° , labelled by them with 
quality flags 4, 5, and 6 (Table [TJ. We also derive parame- 
ters for Stock 8, Kronberger 1 (DSH J0528.3+3446), BPI 14 
and for 7 clusters discovered in the present work (CBB 3 to 
CBB 9), resulting in 58 analysed objects. 

This paper is organised as follows. In Sect. [2] we list 
the cluster candidates. In Sect. [3] we present the 2MASS 
photometry the methods employed in the CMD analyses and 
derive fundamental parameters {age, reddening, distance) 
for the overdensities shown to be clusters. Sect. [4] focuses 
on cluster structural parameters. In Sect. [5] we estimate the 
mass for the clusters with derived structural parameters. In 
Sect.|6]we discuss the results. Finally, in Sect. [7] we provide 
concluding remarks. 




Figure 3. 2MASS CMDs extracted from the R = 4' region of 
FSR 893. Top panels: observed CMDs J X (J - H) (left) and 
J X (J — K a ) (right). Middle panels: equal area comparison field. 
Bottom panels: field-star decontaminated CMDs fitted with the 
3 Gyr Padova isochrone (solid line). The colour-magnitude filter 
used to isolate cluster MS/evolved stars is shown as a shaded 
region. 



2 CLUSTER CANDIDATES 

FSR07 provided a catalogue of 1021 star cluster candidates 
identified in the 2MASS database with \b\ < 20° along the 
Galactic plane. They classified the overdensities in prob- 
able and possible clusters. Eighty-seven probable clusters 
and 90 possible clusters candidates are distrib uted towards 
the Galactic anticentre. iBonatto fc Bical (|2008h analysed 28 
FSR cluster candidates projected nearly towards the anti- 
centre (160° ^ I ^ 200°) and confirmed 6 new and 9 previ- 
ously known OCs, 6 unc ertain cases and 7 prob able fluctua- 
tions of the stellar field. ICamargo et al.l (|20 ldf ) analysed 50 
overdensities in the same region, classified as OC candidates 
with quality flags 2 and 3, finding 16 OCs and 5 uncertain 
cases. 

Table Q] lists the present FSR overdensity sample and 
Table [2] shows identifications for those previously studied. 
The objects selected for the present work are classified by 
FSR07 as probable and possible OCs and labelled with qual- 
ity flags 4, 5, and 6. 

In Fig. [T]we illustrate XDSS images in the R band of 
FSR 780 and FSR 890 as examples of overdensities from 
FSR07 confirmed as clusters, and of the clusters discovered 
in the present work. 
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Figure 4. 2MASS CMDs for the clusters FSR 734, FSR 777, 
and Kronberger 1. Top panels: observed CMDs J X (J — K s ). 
Middle panels: equal area comparison field. Bottom panels: field 
star decontaminated CMDs fitted with the 2 Myr MS Padova 
isochrone (solid line) for FSR 734 and 3 Myr for the others, and 
PMS isochrones of Siess, 0.1 (dotted line), 1 (dashed line), and 
5 Myr (solid line). The colour- magnitude filters used to isolate 
cluster MS/evolved and PMS stars are shown as shaded regions. 
We also present the reddening vector for Ay = to 5. 

3 2MASS PHOTOMETRY 

We use 2MASS3 photometry (|Skrutskie et alj|2006h in the 
J, H and K„ bands extracted in circular concentric regions 
centred on the coordinates of the OC candidates (Tables [T] 
and [3]) using VizieBB Large extraction areas are essential 
to build the RDPs (Sect.|4]) with a high contrast relative to 
the background, and for a consistent field star decontami- 
nation (Sect. [3~Tj) . In addition, 2MASS provides the spatial 
and photometric uniformity required for relatively high star 
count statistics. 



3.1 Field-star decontamination 

The field-star d econta mination algorithm developed by 
iBonatto fc Bical |2007al ) was applied to uncover the intrin- 
sic CMD morphology from the background stars. The use 

2 The Two Micron All Sky Survey, available at 
www.. ipac.caltech.edu/2mass/releases/allsky/ 

3 http:/ /vizier. u-strasbg.fr/viz-bin/VizieR?-source=II/246. 



Figure 5. Same as Fig.rjfor the clusters FSR 761, FSR 864, FSR 
888, FSR 890, and FSR 944. The MS Padova isochrone used were 
2 Myr for FSR 761 and 3 Myr for others, and the PMS isochrones 
of Siess, 0.1 (dotted line), 1 (dashed line), and 10 Myr (solid line). 

of field-star decontamination to build CMDs has proved to 
constrain age and distance more clearly than th e observed 
photo metry, especially for low-latitude OCs (e.g. iBica et al.l 
I2008I . and references therein). 

The decontam i nation algor ithm is de s cribed in detail 
in IBonatto fc Bical (|2007bl ) and IBica et "ail <|2008h . Here we 
provide a brief description. The algorithm divides the CMD 
into a 3D cell grid with axes along the J magnitude and 
the (J — H) and (J — K s ) colours. It computes the expected 
number-density of field stars in each cell based on the num- 
ber of comparison field stars (within the la Poisson fluctu- 
ation) with magnitude and colours compatible with those 
of the cell. It subtracts the expected number of field stars 
from each cell. Typical cell dimensions are AJ = 1.0, and 
A(J — H) = A(J — K„) = 0.2, which are large enough to al- 
low sufficient statistics in individual cells and small enough 
to maintain the CMD evolutionary sequences. 

3.2 Fundamental parameters 

Fundamental parameters are derived with solar- 
metallicity Padova isoch ro nes llGirardi et al.l 120021 ) and 
ISiess. Dufour fc Forestinil (|2000h . for main sequence 
(MS) and pre-main sequence stars (PMS), respec- 
tively. We estimate the fundamental parameters by 
eye, using the decontaminated CMD morphology. Pa- 
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Figure 6. Same as Fig.Q]for the clusters FSR 846, FSR 850, FSR 
868, FSR 817, and FSR 947. The PMS were fitted with isochrones 
of Siess, 0.1 (dotted line), 1 (dashed line), and 5 Myr (solid line). 
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Figure 7. Same as Fig.HJfor the clusters Stock 8, FSR 780, and 
CBB 3. 



rameters derived are the observed distance modulus 
(m — M)j and reddening E(J — H), which convert to 
E(B - V) and A v with the relations Aj / A v = 0.276, 
Ah/Av = 0.176, AkJAv = 0.118 Aj = 2.76 x E(J — H) 
and E (J - H) = 0.33 x E(B - V) (|Dutra. Santiago fc Bical 
2002), assumin g a constant total-to-selective a bsorption 
ratio R v = ?>A (fCardelli, Clayton fc Mathislll989l ). 

The CMDs for stars extracted from the central parts of 
the objects are shown in the upper panels of Figs. [2] to 1121 
The central part of a cluster is a region large enough to iden- 
tify the main cluster evolutionary sequences in the CMD, 
but small enough to avoid significant contamination by field 
stars. This region is defined by inspections of the CMD and 
the RDP. The middle ones are nearly background extraction 
of equal area, and the bottom panels correspond to field de- 
contaminated CMDs. The fundamental parameters derived 
for the objects are showed in Table [3] The parameter errors 
have been estimated by displacing the best-fitting isochrone 
in colour and magnitude to the limiting point where the fit 
remains acceptable. We classified the overdensities FSR 707, 
FSR 722, FSR 805, FSR 809, FSR 907, FSR 925, and FSR 
967 as probable clusters. These objects have, in general, less 
clear decontaminated CMD sequences than those confirmed 
as OCs. They also show irregular RDPs. The remaining 17 
overdensities were classified by us as possible clusters, be- 
cause their CMDs do not contain clear cluster sequences. 
We suggest deeper photometry to uncover the nature of the 



Table 4. Young cluster indicators. 



IR sta 
(2) 



BPI 14 
CBB 3 
CBB 4 
CBB 5 
CBB 6 
CBB 7 
CBB 8 
CBB 9 
FSR 722 
FSR 734 
FSR 777 
FSR 780 
FSR 816 
FSR 817 
FSR 833 
FSR 842 
FSR 846 
FSR 864 
FSR 888 
FSR 890 
FSR 907 
FSR 925 
FSR 946 
FSR 947 
FSR 967 
Kr 1 



H a X-ray DNe BNe 
(4) (5) (6) (7) 



RNe Mcl/HII : 
(S) (3) 



Table Notes. Col.(l) IR 
dark nebula. (5) bright 



(2) O 
„d (6) 
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• B stars, (3) 
lecular cloud or 
-fcoo and IPHAS. 
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Table 3. Derived fundamental parameters for 28 confirmed clusters. 



Cluster 


o(2000) 


<5(2000) 


A v 


Age 


do 


Rgc 




%GC 


VGC 


ZGC 




(hms) 


(<"") 


(mag) 


(Myr) 
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5 ± 3 
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88 ±0.3 
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4.46 ±0.2 


1 ± 1 
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FSR 947 
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89 ±0.3 
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Table Notes. Cols. 2 and 3: Optimised central coordinates; Col. 4: Ay in the cluster's central region. Col. 5: age, from 2MASS photometry. 
Col. 6: distance from the Sun. Col. 7: Rgc calculated using R§ = 7.2 kpc as the distance of the Sun to the Galactic centre. Cols. 8 - 10: 
Galactocentric components. 



presently inferred probable and possible clusters. In Figs. 1101 
and llll we show the decontaminated J x (J — K s ) CMDs for 
probable clusters, and in Fig. 1121 the same for the possible 
ones. 

In Table [4] we add some young age indicators that 
helped us in determining the age of th ose clusters. The Ha 
excesses were ob tained from IPHAS (|Witham et al.l 120081 : 
Drew et all 120051) and t he em ission-line star catalogue of 
Kohoutek fc Wehmeverl (|l999l ). Additional indicators were 
obtained from SIMBAEq Ha and X-ray emission and IR 
excess may be correlated with the presence of circumstellar 
disks, accretion and stellar winds in PMS stars such as T 
Tauri and Herbig-Haro objects. These phenomena, together 
with the presence of OB stars, dark nebulae (DNe), reflec- 
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tion nebulae (RNe), Bright nebulae (BNe), H II regions, and 
molecular clouds, are consistent with the young age derived 
for the clusters. 

For young clusters, the age determination is made 
through a combination of MS and PMS isochrones. PMS 
isochrones are especially important to estimate the age of 
clusters with poorly populated MSs. Obviously, their dis- 
tance determination depends on the assumed age, but the 
age that we adopted takes into account as well young age 
indicators (Table Q. They suggest that most clusters in 
our sample are embedded in the natal molecular cloud 
and some of t hem possibly have ongoing star formation. 
lLada fc Ladal (|2003l ) inferred that the duration of the em- 
bedded phase is 2-3 Myr and according to lHartmann et "all 
(|200ll ) stars older than ~ 5 Myr are not found associated 
with molecular gas. The star formation timescale in spiral 
arms is ~ 1 — 4 Myr and for a small cloud (40 pc), it is 



© 0000 RAS, MNRAS 000.HTIT71 



D. Camargo, C. Bonatto and E. Bica 



CBB4obs. R=2.5' 



•H m 



BPI 14 obs. R.3' 



«ky R=3' 



^gj^f St* ' 



Sky R=3' 



i — 1 — I — 1 — I — 1 — I — 1 — I — i 1 l 1 l 1 n I 




CBB 5 obs R=2' 



• • • 

Of' ' 



Sky R=2' 




0.5 1 1.5 2 0.5 1 1.5 2 2.5 3 3.5 4 4.5 0.5 1 1.5 2 
(J-KJ (J-KJ (J-K s ) 



Figure 8. Same as Fig. g] for the clusters CBB 4, BPI 14, and 
CBB 5. 




Figure 9. Same as Fig.g]for the clusters CBB 6, CBB 7, CBB 
8, and CBB 9. 



~ 1 Myr (lElmegreenll2000l; B all esteros-Paredes fc Hartmannl 
l2007l ; lTamburro et al-lbOOct ). Some PMS stars in the present 
objects show IR-excess, but all PMS stars in a cluster lose 
their inner disks in ~ 6 M yr and half of them can lose their 
disks in less than 3 Myr (jrlaisch, Lada fe LadalbOOll ). The 
age spread in clusters with PMS stars is often assumed a s 
~ 10 Myr dPalla fc Stahlerll2000l ). but IJeffries et all (|201ll ) 
suggest that the age dispersion in a young cluster is, in gen- 
eral, less than the median disk lifetime. The small merging 
or tidal destruction timescale for multiple clusters also sug- 
gest early age to ECs in groups in our sample. The relatively 
large distance uncertainty in the distance is a consequence 
of the age uncertainty. 

3.3 Colour-colour diagrams 

Useful information on the nature and evolution of very 
young clusters, mainly about the emission of the stellar 
content in different regions of the spectrum, can be ob- 
tained with colour-colour diagrams. The colour-colour dia- 
grams can be used to identify PMS stars and classify them. 
Since the present very young clusters include PMS stars, we 
show in Figs. I13l andll4lthe decontaminated near-IR colour- 
colour diagram (J — H) x (H — K s ) of the member stars, 
together with PMS tracks, set with the reddening values de- 
rived above, to estimate the age. Colour-colour diagrams of 
the present cluster sample show that a significant number 
of the stars appear to be very reddened, but the position of 



some stars, on the right side of the MS and PMS normal 
stars, suggest that they present a JC^-excess. On the other 
hand, few appear to present an abnormal excess in J and 
H. Generally, this excess is link ed to stellar photospheric 
emission, but ICieza et al l l|2005l ) suggest a nonphotosperic 
nature for classical T Tauri stars and argue that J, H and 
K s excesses have a common source. The J-excess may be 
the cause of a negative value of (J — K 3 ) for stars in some 
clusters' CMDs. 

We note the significant number of ECs characterised 
by a discontinuity between the distribution of the MS and 
PMS stars in the CMD (Figs. [2] - [HJ. Until recently, such 
CMD features remained essentiall y inaccessible owing to t he 
lack of field star deco ntamination (Bon atto fc Bicall2009al lbl; 
ICamargo et al.ll2009h . 



4 CLUSTER STRUCTURE 

The structure is analysed by means of the stellar RDP, de- 
fined as the projected number density around the cluster 
centre. RDPs are built with stars selected after applying 
the colour magnitude (CM) filter to the observed photome- 
try. This isolates the probable cluster sequences by excluding 
stars with deviant colours, thus enhancing the RDP con trast 
relative to the background (e.g. iBonatto fc B ica 2007a], and 
references therein). However, field stars with colours simi- 
lar to those of the cluster can remain inside the CM filter. 
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Figure 10. Same as Fig. g]for the clusters (FSR 816, FSR 833, 
and FSR 946) and the probable clusters (FSR 809 and FSR 907). 
We did not fit isochrones for the probable clusters. They require 
deeper observations. 
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Figure 11. Same as Fig. [4] for the probable clusters FSR 707, 
FSR 722, FSR 805, FSR 925, and FSR 967. 



5 MASS ESTIMATES 



They affect the intrinsic stellar RDP in a way that depends 
on the relative densities of field and cluster. The contribu- 
tion of these residual field stars to the RDPs is statistically 
quantified by means of the comparison to the field. In prac- 
tical terms, the use of the CM filters in cluster sequences 
enhances the contrast of the RDP with respect to the stel- 
lar field. The CM filters are shown in Figs. [5] to HJ] as the 
shaded area superimposed on the field-star decontaminated 
CMDs. 

For simplicity we fit the RDPs with the function cr(R) = 
a b g + fo/(l + (R/ Rcore) 2 , where <7 09 is the residual back- 
ground surface density of stars, ao is the central density of 
stars and R COT e is the core radius. The cluster radius (Rrdp) 
and uncertainty can be estimated by considering the fluctu- 
ations of the RDPs with respect to the residual background. 
Rrdp corresponds to the distance from the cluster centre 
where RDP and comparison field become statistically indis- 
tinguishable. This fun ction, a pplied to star counts, is similar 
to that introduced by King ( 1962) to describe the surface- 
brightness profiles in the central parts of globular clusters. 
To minimise degrees of freedom cr 09 is measured in the com- 
parison field and kept fixed. 

Structural parameters derived are shown in Tableland 
the RDPs are in Figs. [151 [TBI andlPTl 



Due to the relatively large distance of the OCs and 2MASS 
photometry limitations, we do not have access to the whole 
stellar mass range of these clusters. Therefore, for the old OC 
FSR 893 we use Kroupa's (2001) mass function to estimate 
the total stellar mass, down to the H-burning mass limit 
(0.08 Mq). The estimated mass is shown in Table [7J 

For MS stars in young clusters we simply count stars 
in the CMDs (within the region 7? < Rrdp), and sum their 
masses as estimated from the mass-luminosity relation im- 
plied by the respective isochrone solution (Sect. IqT2^I . Sub- 
sequently, we count the number of PMS stars and multiply 
by an average mass value adopted for these stars to esti- 
mate the mass within the PMS. Assuming that the mass 
distribution of the PMS stars also follows Kroupa's (2001) 
MF, the average PMS mass - for masses within the range 
0.08 < m(M e ) < 7 is < m PM s >~ 0.6M©. The estimated 
mass (Table [6} should be taken as a lower limit. 



6 DISCUSSION 
6.1 General 

The early EC's structure reflects the underlying fractal 
structur e in the dense molecular gas i n which they are 
formed (|Beechlll987l ; lLada fc Ladal 120031 ) . but the dynam- 
ical evolution may erase this shape leading these objects 
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Table 5. Structural parameters for 13 confirmed clusters. 



Cluster 


(!') 


"OK 




°6g 


Rcore 


Rrdp 


"OK 




a bg 






Rrdp 




AR 


CC 






(pc) 


(*pc~ 2 ) 


(> 


<pc~ 2 ) 


(pc) 


(pc) 


(*'~ 2 ) 


(* 


" 2 ) 


(') 




(') 




(') 




(11 
I 1 ) 




(2) 


(3) 




(4) 


(5) 


(6) 


(7) 




(8) 


(9) 




(10) 




(11) 


(12) 


FSR 


734 


0.76 


24.6 ± 5.4 


8.0 


± 0.14 


1.05 ± 0.21 


7.22 ± 1.4 


14.2 ± 3.13 


4.65 ± 


0.08 


1.38 ± 0.28 


9 


5 ± 1.5 


20 


- 60 


0.93 


FSR 


761 


0.74 


10.17 ± 1.82 


2.83 


± 0.09 


0.50 ± 0.07 


3.7 ± 0.7 


5.57 ± 1.0 


1.55 ± 


0.05 


0.68 ± 0.10 


5 


3 ± 1.0 


20 


- 30 


0.98 


FSR 


777 


0.78 


16.2 ±2.1 


5.2 


± 0.11 


0.59 ± 0.06 


4.3 ± 0.8 


9.85 ± 1.3 


4.1 ± 


0.07 


0.76 ± 0.08 


5 


5 ± 1.0 


8 


- 18 


0.98 


FSR 


817 


0.68 


14.4 ±4.1 


6.3 


± 0.13 


0.45 ± 0.07 


4.08 ± 1.02 


6.68 ± 1.9 


2.9 ± 


0.06 


0.67 ± 0.1 


6 


± 1.5 


20 


- 30 


0.96 


FSR 


842 


0.62 


11.96 ±0.52 


5.72 


±0.10 


0.65 ±0.06 


4.34 ± 0.06 


4.60 ±0.2 


2.2 ± 


0.04 


1.05 ±0.09 


7 


0±2.0 


20 


- 40 


0.99 


FSR 


846 


0.72 


11.63 ±4.05 


3.35 


±0.13 


0.43 ±0.10 


3.24± 


6.03 ±2.1 


1.74 ± 


0.05 


0.60 ±0.15 


■1 


5 ±1.5 


20 


- 30 


0.92 


FSR 


850 


0.79 


5.5 ± 1.1 


2.5 


±0.06 


1.2 ±0.03 


7.9 ±2.4 


3.45 ±0.7 


2.02 ± 


0.04 


1.51 ±0.26 


10 


0±3.0 


20 


- 30 


0.96 


FSR 


864 


0.84 


15.05 ± 0.95 


5.10 


±0.07 


0.40 ±0.06 


5.04 ±0.84 


12.64 ±0.67 


3.60 ± 


0.05 


0.48 ±0.07 


6 


0± 1.0 


20 


- 30 


0.99 


FSR 


868 


0.79 


8.2 ± 3.4 


1.8 


±0.10 


0.48 ±0.15 


3.95 ± 1.58 


5.11±2.1 


1.16 ± 


0.06 


0.61 ±0.19 


5 


0±2.0 


20 


- 40 


0.90 


FSR 


888 


0.80 


10.3 ± 3.9 


5.0 


±0.06 


0.49 ±0.2 


3.2 ±0.80 


6.57 ±2.5 


3.23 ± 


0.04 


0.62 ± 0.2 


4 


0± 1.0 


20 


- 40 


0.90 


FSR 


890 


0.75 


10.1 ± 3.9 


3.1 


±0.05 


0.36 ±0.1 


2.25 ±0.75 


5.69 ±2.2 


1.72 ± 


0.03 


0.49 ±0.2 


3 


0± 1.5 


20 


- 40 


0.85 


FSR 


893 


0.32 


36.13 ±3.90 


22.46 


±0.49 


0.51 ±0.08 


2.88 ±0.64 


3.70 ±0.4 


2.30 ± 


0.05 


1.61 ±0.24 


9 


0±2.0 


20 


- 40 


0.96 


FSR 


944 


0.70 


13.87 ±2.65 


1.33 


±0.20 


0.39 ±0.07 


3.85 ± 1.1 


6.80 ±1.3 


0.65 ±0.1 


0.56 ±0.1 


5 


5 ±1.5 


20 


-40 


0.97 



Table Notes. Col. 2: arcmin to parsec scale. To minimise degrees of freedom in RDP fits with the King-like profile (Sect.[4]l, <rj, g was kept 
fixed (measured in the respective comparison fields) while cro and Rcore were allowed to vary. Col. 11: comparison field ring. Col. 12: 
correlation coefficient. 



Table 6. Stellar mass estimate for star clusters with PMS. 







MS 




PMS 


AfS4 


-PMS 


Cluster 




JV 


M 


TV 


M 


N 


M 




(Me) 


(stars) 


(M e ) 


(stars) 


(Me) 


(stars) 


(Me) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


FSR 734 


0.18-95.0 


751 ±515 


905 ± 319 


133 ± 23 


80 ±14 


884 ± 538 


985 ± 333 


FSR 761 


1.30-11.0 


148 ± 75 


460 ± 266 


49 ± 14 


29 ± 8 


197 ± 89 


489 ± 274 


FSR 777 


2.90-17.0 


37 ± 22 


264 ± 161 


87 ±15 


52 ± 9 


124 ± 37 


316 ± 170 


FSR 817 


2.50-11.0 


113 ± 15 


197 ± 46 


94 ± 14 


56 ±8 


207 ± 29 


253 ± 54 


FSR 842 


1.50-17.0 


219 ± 125 


280 ± 64 


79 ± 11 


47 ±11 


298 ± 136 


327 ± 75 


FSR 846 


2.30-19.0 


281 ± 176 


294 ± 95 


47 ± 10 


28 ±6 


328 ± 186 


341 ± 101 


FSR 850 


0.95-11.0 


2790 ± 2060 


1220 ± 396 


51 ± 11 


31 ± 7 


2841 ± 2456 


1251 ±403 


FSR 864 


1.10-13.0 


796 ± 558 


413 ± 110 


46 ±8 


28 ± 16 


842 ± 566 


441 ± 126 


FSR 868 


1.70-6.25 


116 ±2 


174 ±5 


42 ± 9 


25 ± 5 


158 ± 11 


199 ± 115 


FSR 888 


2.70-11.0 


249 ± 175 


145 ± 41 


45 ± 7 


27 ±4 


294 ± 182 


172 ± 45 


FSR 890 


2.30-11.0 


288 ± 194 


199 ± 49 


33 ±6 


20 ±4 


321 ± 200 


219 ± 53 


FSR 944 


1.90-9.75 


298 ± 187 


251 ±61 


20 ±5 


12 ± 3 


318 ± 192 


263 ± 65 



Table Notes. Col. 2: MS mass range. Cols. 3-6: stellar content of the MS and PMS stars. Cols. 7-8: total (MS±PMS) stellar content. 



to a smooth structure. Previous works suggest that ECs are 
not virialised and, as a consequence, are sub-structured with 
a RDP presenting bumps and dips comparable to the field 
fluctuation. Because of this, they cannot be fitted by King's 
profile that describes the structure of clus ters close to spheri- 
cal symmetry and centrally concentrated llSoares et al.ll2005l : 
iGutermuth et ail 120051 : ICamargo et al.l 12011 ) . However , af- 
ter the gas expulsion, surviving OCs are probably not viri- 
alised, so the bumps and dips may be the result of a non 
relaxed cluster before the gas expulsion, or a consequence of 



the gas expulsion. An additional explanation is the presence 
of other clusters in the neighbourhood. 

Objects like Stock 8, FSR 780, CBB 3, and neighbours 
(Fig. I16[) are possibly examples of out-of-equilibrium star 
clusters. In addition, the presence of other objects creates 
bumps in the RDP (Fig. I16[l . Therefore, their structural pa- 
rameters cannot be derived by a King law, but it does not 
mean that the RDP does not provide information on the 
cluster structure. For example, it can be useful to differenti- 
ate physical systems from field fluctuations. Furthermore, 
the CMD morphology may provide clues to their nature 
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Table 7. Stellar mass estimate for the old open cluster FSR 893 



Observed in the CMD 



Extrapolated 



Cluster 


Am M s 


N M s 


M M s 


N i 


M evo i 


N 


M 






(stars) 


(M e ) 


(stars) 


(M@) 


(stars) 


(M@) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


FSR 893 


0.35-1.50 


646 ± 158 


357 ± 73 


11±7 


15 ±10 


2510 ± 2420 


677 ± 473 



Table Notes. Col. 2: MS mass range. Cols. 3-6: stellar content of the MS and evolved stars. Cols. 7-8: stellar content extrapolated to 
0.08 M e - 
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Figure 12. Decontaminated CMDs of the overdensities with 
lower probability of being star clusters. 



l|Bica fc Bonattdl201ll ). However, deeper observations of the 
less-populated clusters with irregular RDPs could solve this 
problem by checking if the irregularities are intrinsic to the 
cluster structure or result from the photometric constraints. 

Most objects confirmed as clusters in this work are ECs. 
FSR 893 is the unique old OC in our sample, with age of 
~ 3 Gyr. The position of the bluest stars in the CMD of 
FSR 893 (Fig. [3} are consistent with blue straggler. 

Some ECs present stars with IR-excess such as FSR 842 
and BPI 14, but other objects possibly present J-excess re- 
sulting in a negative value of ( J— K s ), e.g., FSR 817 and FSR 
734. FSR 842 is a young cluster close to the local Arm and 
projec ted 18' from the c entre of the small molecular cloud 
jj) 64 of iKawamura et al.l (Il998l ). It presents a very reddened 
emission-line B star in the central region. As shown in Figs. 
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Figure 13. Colour-colour diagrams with the decontaminated 
photometry of the young co nfirmed clusters and a e x ample 
of probable cluster (FSR 907). ISiess. Dufour fc Forestiiii j200d ) 
isochrones and reddening vectors are used to characterise the 
PMS distribution. 



[2] and [13] PMS stars do not present a significant infrared 
excess, one exception is the B star that is heavily affected 
by IR-excess. It also presents H a -excess, and is located in 
the colour-colour diagram (Fig. | 13 |) in th e loci expected for 
classical Be stars ((Hernandez et alll2005l ). For clusters with 
age ~ 5 Myr the disk frequency in inte rmediate mass stars 
is often higher than for low mass stars (Ke nnedy fc Kenvonl 
2009 ; iHernandez et alJl201ll ) . However, the timescale of the 
disk dissipation for intermediate mass stars is ~ 3 Myr. 
Probably, stellar collisions produce the dust triggering a sec- 
ond generation of planetary disks. 

Some objects classified as probable clusters exhibit ev- 
idence of being young clusters (Table [4]) . 

The latest version of DAML02 (January, 2012) presents 
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Figure 14. Same as Fig |13l for additional confirmed and probable 
clusters. 



206 clusters towards the Galactic anticentre, 137 of them 
with age. Fig. [18] shows histograms with the age distribu- 
ti on of clusters in DAML 02 after removing the contribution 
of ICamargo et all (|201C|). and DAML02 coupled with our 
contribution ( Camargo et al.l |2010| . 1201 ll . and the present 
work) to the anticentre clusters. Based on this distribution 
we deduce that ~ 80% of the clusters in this region are dis- 
solved in less than 1 Gyr, and estimate an average age of 
~ 570 Myr for the clusters in the anticentre. In this sense, 
our results increase the number of clusters with derived pa- 
rameters towards the anticentre significantly (~ 38%), espe- 
cially young ones. However, the number of clusters younger 
than 10 Myr represent less than 26% of all clusters towards 
the anticentre. 



6.2 Clusters discovered in the present work 

We discovered 6 new clusters (CBB 3, CBB4, CBB5, CBB 
6, CBB 7 and CBB 9) in the Stock 8 neighbourhood (Fig. 
ITS]! and one (CBB 8) in the nebula Sh2-229. Figs. [7] [8] and 
show the CMDs and Fig. [T§\ the RDPs of these objects, 
the derived parameters are shown in Tables [3] and [5] 

They are newborn, low mass, and poorly populated 
clusters with a well-defined core and RDPs that do not fol- 
low a King's law (Fig.[l6j). CBB 3 (R ~ 5'), CBB 4 {R ~ 3'), 
and CBB 5(R ~ 3') are close to Stock 8. CBB 6 with a ra- 
dius of ~ 5' presents an H a emitter B star classified as YSO 
(Fig. [19J in SIMBAD. CBB 7 is a small cluster (R ~ 3') 
close to FSR 777. CBB 8 is partly embedded in the nebula 




0.1 1 10 0.1 1 10 0.1 1 10 0.1 1 10 0.1 1 10 

R (arcmin) R (arcmin) R (arcmin) R farcmin) R (arcmin) 



Figure 15. Radial density profiles for the confirmed clusters and 
the probable cluster FSR 907. 



Sh2-229 and presents an O star in the neighbouring field. 
The CBB 8 structure (Fig. I16|l and environmental condi- 
tions sugg est that this object is in the process of evapora- 
tion ijLada fc Ladall2003l : Bastian fc Goodwinll2006l ). CBB 9 
with a radius of ~ 6' includes an O star. 



6.3 Sequential star formation in Aur OB2? 

FSR 780 is a young cluster located near Stock 8 
in IC 417 (Sh2-2 3 4) w ithin Aur OB2. According to 
iMel'Nik fc Efremovl Jl995h Aur O B2 is located at 2.68 kpc 
from the Sun. iFich fc Blitd l| 19841 ) estimated for IC 417 a 
kinematic distan ce of 2.3 ± 0.7 kpc. On the other hand, 
Ijose et all (|2008l ) derived an age younger than 2 Myr for 
Stock 8 and a distance from the Sun of 2.05 ± 0.10 kpc with 
a radius of ~ 6'. They indicated an enhancement in stellar 
density at w 7'. 5 from the centre. 

The presently discovered clusters appear to be linked 
to Stock 8, FSR 777, Kronb erger 1, and BPI 14 in IC 
417. We suggest that BPI 14 dBorissova et al.l 120031 ') is as- 
sociated with IC 417 supporting I Jose et al.l (120081 ) results. 
The presence of other clusters is indicated as bumps in 
the RDP of each cluster candidate, which explains the en- 
hancement observed by Ijose et all (|2008h in the field of 
Stock 8. The RDPs of these objects show independent peaks 
supporting the interpretation that they are distinct com- 
pact clusters. Examples of such structures are discussed by 
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Figure 16. Radial density profiles for the confirmed (C) and 
probable clusters (PC). 
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Figure 17. Radial density profiles for the overdensities that have 
lower probability of being OCs and the probable cluster FSR 805. 



iFeieelson et~ai1 J201ll) for cl usters in the Carina complex 
and bv lCamargo et alj (|201lh for ECs in Sh2-235. 

The angular distribution of clusters, massive stars, neb- 
ulae, and young stellar objects (YSOs) support a scenario of 
sequential star formation triggered by massive stars in FSR 
780 (Fig. I19[) . However, the age gradient is comparable to 
the uncertainty in ages. 

The stellar density distribution in Aur OB2 shows 
small peaks coinciding mainly with massive stars (Fig. 
19). The formation of massive stars in early cluster phases 
may destroy them, because winds blow out gas and 
dust. However, as most massive stars form in clusters 



ilLada fc Ladal l2003j; Ide Wit et all 120051 ; iFall et al.l 120051 ; 
IWeidner fc Kroupal 120061 ) the occurrence of isolated ones 
may be related to the infant mortality rat^fl- It is possi- 
ble that massive star formation within an OB association 
occurs in clumps that merge forming massive clusters, or 
disrupt them becoming field OB stars. 

Recent works suggest that stars may be formed 
in low density stellar groups (LDSGs) th at disperse in 
the field without requiring gas expulsion (|Bastianl l201ll ; 
llvloeckel fc Clarke! l201lt iKruiissen etai1l2012l ). LDSGs are 
generally distributed along filamentary stru ctures of gas 
and dust (|Gutermuth et al.ll2008l ; lMversj|2009l ). Filamentary 
structures are sites of turbulent gas motion, which seems 
to favour the formation of individual stars or LDSGs, with 



If these stars are actually linked with this star forming region. 



turbulence enhancing gas densities, and decreasing the Jeans 
mass jMac Lowll2002 ; IVasquez et al.ll2003l ; IClark fc Bonnell 
120051 ). iBressert et all (I2OI0I ) estimate that only ~ 26% of 
the YSOs near the Sun are located in ECs. This scenario 
explains probable young stars outside clusters, and the con- 
tinuous distribution of YSOs between Stock 8 and BPI 14, 
supporting sequential star formation (Fig. I19[) . 

The stellar distribution in Aur OB2 sug- 

gests that formation in clus tered enviro n ments 

iKroupa. Aarseth fc Hurievl l200ll ; lLada fc LadH 12001 
and similar works) and in LDSGs may be part of a global 
scenario, where star formation occurs in groups with a 
continuous range of stellar densities depending on the natal 
gas density, with dense clumps formi ng bound cluster s and 
low density gas producing LDSGs (|Elmegreenl |2008| . and 
reference therein). ECs with the gas centrally concentrated 
are more dependent on the SFE than sub-structured ones, 
which are less affected by gas expulsion. LDSGs probably 
result unbound, or merge forming a cluster. The latter 
is a way to form clusters in low density molecular gas 
and contributes to explain the low SFE in GMCs. These 
groups may contribute to forming associations of clusters, 
since filamentary structures are often found near ECs. 
Nevertheless, these s tars might be ejected fro m the clusters 
by dynamical effects (|Gvaramadze et al.ll201ll . and reference 
therein) . 

Sequential star formation is also possible for FSR 777, 
Kronberger 1, and CBB 7. In this scenario the star formation 
might have been triggered by massive stars in FSR 777 and 
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Figure 18. The gray-shaded histogram presents the age distri- 
bution for clusters in the latest version of th e DAML02 catalogue, 
except for clusters in lCamargo et all fl2010l ). and the continuous 
black line histog ram represents DAM L02 coupled with our con- 
tribution (Cam argo et alj|2010t [201ll , and the present work) to 
the anticentre clusters. 



the O star below Kronberger 1 (Fig. 1 19 j) . iKronberger et al.l 
(2006) estimated for Kronberger 1 a distance from the Sun 
of 1.9 kpc and age of ~ 32 Myr, but we argue, based on the 
very young age indicators (Tabled} and CMD (Fig. [4} that 
this object is newborn and located in the Perseus arm. 

Recently, we investigated a group of compact ECs re- 
lated to four H II regions (Sh2-235, Sh2-233, Sh2-232, and 
Sh2- 231) that is possibly developing sequential star forma- 
tion |Camargo et al.ll201ll ). This region presents some clus- 
ter pairs like in IC 417. 



6.4 OB associations 

OB associations are often sub-structured consisting of 
several sub-groups. An irregular GMC may form mas- 
sive stars simultaneously and their winds and/or super- 
nova explosions may produce a second generation of mas- 
sive stars propagating the star form ation and forming 
star clusters with a small age spread (|Elmegreen fc Ladal 
1 19771 ). The timescale required for a complete star for- 
mation process in a star complex is 10 to 20 Myr 
dde la Fuente Marcos fc de la Fuente Marcos! [2001 ). 

The clusters Stock 8, FSR 780, CBB 3, CBB 4, CBB 
5, BPI 14, Kronberger 1, and FSR 777 form an associa- 
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Figure 19. Angular distribution of clusters (large circles) and 
massive stars concentrating in Aur OB2. The filled circles are O 
stars, the squares are B stars, open circles are H a emitters and 
brown circles are YSOs. 



tion of clusters related to the HII region IC 417 in the 
Aur OB2 association. Such cluster structure has similari- 
ties with the c l usters and groups in the Carina Complex 
iFeigelson et~ail l|201ll ). According to the results for these 
cluste rs (Table El), Aur OB2 is located in the Perseus arm. 
Also. lBonatto fc Bical (|2009bl ) derived a distance of 2.4 ±0.3 
kpc and age of about 10 Myr for NGC 1931 that is embed- 
ded in Sh2-237 within Aur OB2. iMoffat et all (|l979l) found 
<fo = 1.8 kpc, iPandev fc Mahral (Il986f) and Bhatt et all 
jl994l ) 2.2 kpc. and IChen, Chen fc Shui l|2004i ) found 3.1 
kpc. A more popu l ous E C in this region is NGC 1893 for 
which iTapia et al.l (Il99ll ) estimated an age of about 4 Myr 
and distance of 4.3 kpc. ISharma et al.l (|2007l ) locate NGC 
1893 at 3.25 ± 0.02 kpc and find that it is younger than 3 
Myr. The distance derived for the cluster CBB 8 suggests 
that the nebula Sh2-229 belongs to Perseus arm, despite the 
unc ertainty in the d i stanc e determination. 

ICamargo et al.l (|201ll ) derived parameters for ECs re- 
lated to the H II regions Sh2-231, Sh2-232, Sh2-233, and 
Sh2-235 in the direction of Aur OBI and near the Aur OB2 
borders. Within uncertainties these objects may b elong to 
the Perseus arm. IStraizvs. Drew fc Laugalvsl f|2O10T ) suggest 
that Sh2-231 may belong to the Perseus arm, but they found 
a distance of 1.3 kpc for t he other nebu l ae, w hich agree with 
the distance estimated bv lHumphrevsl (|l978l ) for Aur OBI. 
This value is often assumed as the distance of objects in Aur 
OBI. 

FSR 888 and FSR 890 are embedded in the nebula Sh2- 
249 (LBN 188.69+04.25) in Gem OBI. Our parameters for 
these objects suggest that Sh2-249 and consequently Gem 
OBI are close to the Perseus arm. T he distance to Gem OBI 
has b e en estimated to be 1.2 - 2 kpc dHaug||l970l ; iHumphrevsl 
ll978h . lCarpenter. Snell fc Schloerbl (|l995h found a distance 
to Gem OBI of 1.5 kpc and 2 kpc to a GMC towards this 
asso ciation. 

iRusseil. Adami fc Georgelinl l|2007l ) estimated a dis- 
tance of 2.46 ± 0.16 kpc to the complex 192.5-0.1 that 
is composed of Sh2-254, Sh2-255, Sh2-256, Sh2-257 and 
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Figure 20. Spatial distribution of the confirmed clusters (filled circles) compared to the WEBDA OCs with age s younger than 1 Gy r 
(brown circles) and older than 1 Gyr (crosses). The schematic projection of the Galaxy is seen from the north pole llMomanv e t al. 2006), 
with 7.2 kpc as the Sun's distance to the Galactic centre. 



Sh2- 258 llChavarria et aD 120081 : lOiha et al.llioTTh . In addi- 
tion, iReid et al (|2009|) argue that Sh 2-252 is located in the 
Perseus arm. Bonatto fc Bical | 201 lh derived a distance of 
about 1.5 kpc for clusters in Sh2-252. It is possible that 
there is a significant depth effect for nebulae towards Gem 
OBI. 

Fig. [201 shows the angular distribution of the con- 
firmed clusters in t he Galactic plane and spiral arms 
l|Momanv et alj|2006l ). A significant concentration of new 
clusters occurs along the Perseus arm. 



7 CONCLUDING REMARKS 

The present work investigates the nature of 48 overdensities 
from the catalogue of FSR07, projected towards the Galactic 
anticentre. Besides the 6 previously studied OCs, we confirm 
18 of them as new clusters. Of the remainder, 6 are previ- 



ously studied OCs, 7 are probable clusters, and 17 overden- 
sities still require deeper photometry to check if they are 
clusters or plain field fluctuations. 

In addition, we analyse the previously studied clusters 
Stock 8, Kronberger 1, and BPI 14. We discovered 7 clusters 
(CBB 3 to CBB 9). These objects together with FSR 780 
and FSR 777 are located in the Aur OB2 association. This 
association presents a family of young clusters with ages 
younger than 10 Myr. On a smaller scale, the aforementioned 
objects (except CBB 8 that is embedded in Sh2-229) form 
an association of clusters wit h evidence of sequen tial star 
formation similar to Sh2-235 (jCamargo et al I E)!! ). Based 
on the distance derived for them, we argue that Aur OB2 is 
located in the Perseus arm at a distance of 2.7 kpc from the 
Sun. 

Aur OB2 may be a fundamental laboratory to inves- 
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tigate star formation related to sub-structured clusters and 
associations of clusters as well as the origin of field OB stars. 

The confirmed clusters FSR 888 and FSR 890 are em- 
bedded in Sh2-249 inside Gem OBI. The distance derived 
for these ECs suggest that Sh2-249 and Gem OBI are also 
objects of the Perseus arm with a distance of about 2.6 kpc. 

In total, we analysed 58 objects, deriving fundamental 
parameters for 28 and structural parameters for 13 of them. 
Most of the confirmed clusters are very young and located 
in the Perseus arm. In this sense, the present results repre- 
sent a significant increase in the number of young clusters, 
especially in the Perseus arm. 

The present work shows that, to uncover the nature of 
stellar overdensities, it is crucial to decontaminate for field 
stars. In particular, this procedure suggests that embedded 
clusters and/or PMS clusters are very common. We propose 
a conceptual separation of young clusters into actual ECs 
that are still embedded in nebulae, and those with PMS 
stars but essentially gas/dust free, as a consequence of evo- 
lutionary effects. 
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